ABSTRACT: We investigated whether biting midges in peridomestic environments are affected by environmental management practices and the presence of domestic animals. We used CDC light traps to collect midges in 112 residences across 24 locations along tourism routes of Maranhão, Brazil. The collection areas were characterized as follows: i) peridomestic area with domestic animals and without management (dirty); ii) peridomestic with domestic animals and management (clean); iii) peridomestic without animals and with management (clean); iv) peridomestic without animals and without management (dirty). The first two treatments had higher biting midge species richness and abundance, respectively. Generalized linear models indicated a positive correlation between the presence of domestic animals and midge abundance, with an approximate four-fold increase in Culicoides (Diptera: Ceratopogonidae) abundance in peridomestic areas with animals. The same model showed that domestic animals have no influence on richness. Environmental management does not appear to influence species richness or abundance of biting midges. Journal of Vector Ecology 42 (1): 113-119. 2017.
INTRODUCTION
The Ceratopogonidae family is a group of nematoceran flies that is highly diversified both ecologically and with respect to species richness (Courtney and Merritt 2008) . There are currently about 6,180 species distributed among 111 genera (Borkent 2015a) . The Ceratopogoninae subfamily is epidemiologically important because it contains the genus Culicoides Latreille 1809, in which several species are known or suspected vectors of parasites that cause diseases in vertebrates.
Culicoides, also known as midges, "mosquito pólvora", or "mosquito-do-mangue, " are very small insects with wing patterns consisting of gray and white spots as the most striking taxonomic characteristics (Felippe-Bauer 2003) . This genus is one of the largest groups in the family, with approximately 1,400 known species worldwide (Borkent 2015b) . They occur on all continents and are distributed from the coasts to the peaks of great mountain ranges, and are only absent in the polar regions of Antarctica and New Zealand (Trindade and Gorayeb 2010) .
The distribution of Culicoides species is associated with local environmental conditions such as temperature, humidity, wind speed, and precipitation, as well as the physical and chemical properties of the soil in which larval development occurs (Braverman 1994 , Mellor et al. 2000 , Borkent and Spinelli 2007 . These species have medical and veterinary importance because females take blood meals from vertebrate hosts, inflicting a painful bite wound that can cause discomfort, insomnia, or irritability, especially when insect abundance is high. Bites may also trigger allergic reactions from injected salivary proteins and peptides and have the capability to transmit various types of pathogens, such as nematodes, protozoa, or viruses to the vertebrate host.
Female Culicoides generally need blood for egg developent, but some species are autogenous, meaning that they can produce the initial batch of eggs without a blood meal (Borkent and Spinelli 2007) . Culicoides are generalist feeders that pursue blood meals from synanthropic domestic animals and humans (Costa et al. 2013 , Gusmão et al. 2014 ) and can become nuisance pests near beaches, forests, mountains, and mangroves. These insects are vectors of filariae of the genus Mansonella in the Americas and Africa. In Brazil, Culicoides paraensis transmits the Oropouche virus that probably infected more than 500,000 people in the Amazon from 1961 to 1996 (Pinheiro et al. 1962) , and C. insignis transmits bluetongue virus as the main vector of this disease in South America.
More than 100 Culicoides species are known in Brazil (Wirth and Blanton 1973 , Wirth et al. 1988 , Felippe-Bauer and Oliveira 2001 , Aparício et al. 2011 . Roughly 40 species occur in Maranhão state (Silva and Rebêlo 1999 , Barros et al. 2007 , Costa et al. 2013 , primarily found in peridomestic areas of the countryside. Culicoides spp. occurrence in rural peridomestic areas has been attributed to alterations of natural habitats, and favorable environmental conditions in the yard areas of residences (Costa et al. 2013 , Gusmão et al. 2014 .
The inhabitants of rural towns surrounding the Lençóis Maranhenses National Park (LMNP), a major tourist hub of northeastern Brazil, have reported concerns about the presence of biting midges. Costa et al. (2013) found a variety of Culicoides species in several towns surrounding the LMNP. The park routes where most tourist activities take place contain swamps, mangroves, rivers, and small streams. Farmers, fishermen, and tourists have reported attacks by "clouds" of midges at these sites. These findings highlight the relevance of this genus, not only in medical and veterinary context, but also as pests with potential to interrupt agricultural activities, raising of livestock, and tourism, which strongly benefit the economy of this region.
The advent of tourism may have contributed to the reduction of native vegetation and the introduction of midges to rural town areas (Costa et al. 2013 ). In the last two decades, the rural town areas surrounding the LMNP have expanded, motivated by speculation due to tourism-related projects (Assunção Junior et al. 2009 ). Further, environmental conditions in residential peridomestic areas, such as animal shelters without proper sanitation, vegetable gardens fertilized with animal manure, and runoff of household water, favor the formation of breeding sites through increases in soil moisture and organic matter richness (Pereira Filho et al. 2015) . Indeed, some Culicoides species are known to breed in standing water on saturated soil and wet domestic animal feces (Braverman 1994, Borkent and Spinelli 2007) .
Culicoides control has been a great challenge and several management methods have been employed. Dichlorodiphenyltrichloroethane (DDT), commonly used for malaria vector control, is also used to control sand fly and biting midge populations. However, this and other organochlorine and organophosphorus compounds are not authorized for this purpose due to high toxicity (Carpenter et al. 2008) . Recently, other substances with low toxicity (and thus less harmful to the environment) have been used, including pyrethroids, which are derived from plant products. However, field studies by Satta et al. (2004) showed that cypermethrin, esbiothrin, piperonyl butoxide, and synergetic pyrethroid application did not reduce Culicoides abundance.
Due to restrictions on the use of insecticides, environmental management practices have been adopted in areas with known insect vectors. The management process involves cleaning, removal of soil foliage, pruning trees to increase light penetration, removal of garbage, and reduction of organic matter input near the towns. This method serves to reduce or eliminate potential breeding areas, reducing insect harassment of residents (Oliveira et al. 2010) . Environmental management is an inexpensive and effective process that can and should be conducted by the local inhabitants of focal areas (Wermelinger and Ferreira 2013) . This vector control strategy is encouraged by the Ministry of Health along with epidemiological surveillance and entomological (vector) and chemical control. However, all control measures must be implemented cautiously and require integration of efforts by various government sectors (e.g., Secretaries of the Environment, Agriculture, and Education and Health), universities, and members of the affected population.
The abundant presence of several midge species in peridomestic rural areas may be partially due to the attraction of these species to domestic animals such as birds, pigs, horses, cattle, and goats (Costa et al. 2013 , Gusmão et al. 2014 , animal breeding by locals, or environmental conditions favorable for insect development (Costa et al. 2013 ). This raises the hypothesis that the presence of domestic animals and animal shelters, and lack of environmental management (cleaning) may contribute to greater Culicoides richness and abundance. We employed a factorial experimental design to collect midges in peridomestic environments with or without domestic animals, and with or without environmental management. This is the first study in Brazil using this approach for refining target areas for control of Culicoides.
MATERIALS AND METHODS

Study area
The study was conducted in the municipalities of Barreirinhas (2°45' S, 42°5' W) and Santo Amaro (2°30' S, 43°15' W), located on the eastern coast of Maranhão, Brazil. Barreirinhas has an area of 3,111 km 2 , a population of 56,000 and is located 266 km from the state capital of São Luis. Santo Amaro has an area of 1,601 km 2 , 14,000 inhabitants, and is located 243 km from São Luis (IBGE 2011). These municipalities together include much of the LMNP area (Figure 1) .
The climate in this region is sub-humid megathermal with annual rainfall ranging between 1,800-2,000 mm (DNPM 1973) . There is a marked rainy season from January to June and a dry season from July to December. The dominant vegetation is 'restinga' (IBGE 1984), a Brazilian biome that occurs in the study area as a mosaic of herbaceous, shrub, and tree formations; restinga has great ecological diversity and is characterized by unique soil conditions and maritime influence (Thomazi et al. 2013) . The towns located further south within the study area exist in an ecotonal area with cerrado and seasonal forest vegetation.
Field collections
Residences were selected for sampling in different towns according to peridomestic characteristics. All residences were geo-referenced, and geographical coordinates were recorded using a GPS device. All towns were located along tourist routes and had histories of Culicoides infestation (Costa et al. 2013 ). Insects were collected in April, May (rainy season), and August (dry season) of 2015, with the intention of registering the biting midge in the two seasons of the year. One collection was carried out at each residence in an area surrounding the home. Residence peridomestic areas were classified into groups as follows: 56 contained domestic animals (chickens, pigs, or horses) and shelters (coops, sties, and stables); of these, 28 sites were maintained prior to the collection (cleaned, garbage and ground foliage removed from peridomestic areas) and the other 28 were maintained prior to collection (dirty). Another 56 residences were chosen without domestic animals or their shelters; of these, 28 were maintained prior to collection and another 28 were not. The 112 houses were randomly distributed in the respective localities, so that the group classification was for the purpose of analysis only. We thus employed a factorial design with two-level treatment groups as follows: i) with management, with animals (M+A+), ii) without management, with animals (M-A+), iii) with management, without animals (M+A-); and iv) without management, without animals (M-A-).
CDC light traps were installed in the 112 peridomestic areas at 1.5 m height either in animal shelters, or if no shelters were present, in tree branches or other supportive structures in the vicinity of dwellings. Traps ran uninterrupted from 18:00 to 06:00, for a total capture effort of 112 traps x 12 h = 1,344 h. Captured insects were killed in ethyl acetate and placed in labeled 
Laboratory procedures
Culicoides were separated from other insects using a dissecting microscope and identified using dichotomous keys by Wirth and Blanton (1973) , Wirth et al. (1988) and Spinelli et al. (2005) . The incomplete specimens without taxonomic identification conditions were grouped as Culicoides sp. Specimens were later fixed in 70% ethanol and deposited in the entomological collection of the Department of Biology, Federal University of Maranhão.
Statistical analysis
Culicoides species rank abundances were determined using the Kato index (Kato et al. 1952) , in which dominant species are those with a lower confidence limit that is greater than the upper confidence limit for absent species. We used a factorial analysis of variance (ANOVA) to analyze differences in abundance and species richness by treatment using a significance level of p = 0.05. Species richness at each site was estimated by calculating the sum of the number of species obtained. We used the Shannon-Wiener index to evaluate diversity (Pileou 1975) with a Jackknife estimator (Zahl 1977 ). Pielou's index was used to evaluate evenness. Generalized linear models (GLM) with negative binomial distributions were used to analyze the association between abundance and richness of Culicoides as the predictor variables (presence of animals and the presence of environmental management). These GLMs were also used to evaluate the relationship of the presence and abundance of peridomestic animals (poultry, cattle, horses, dogs, and pigs) with the abundance and richness of Culicoides. The best models taking into account the 0.05 significance level were selected. All statistical analyses were performed with R software 3.2 (R Development Core Team 2016) using the vegan package (Oksanen et al. 2016) and MASS (Venables and Ripley 2002) .
RESULTS
Species composition, richness, and relative abundance
We captured 1,439 specimens in total, including 15 Culicoides species. The most abundant species were C. the Kato index (1952) , the dominant species were the first nine when ranked by abundance (Table 1 ) and C. boliviensis had the lowest dominance rank (contributing 1.9%; Figure 2 ).
Species richness and abundance
The M-A+ treatment had the greatest abundance with 784 individuals (54.5% of the total collection) and the highest richness (13 species). The M+A-treatment yielded 509 individuals (35.3%) from 12 species. The M-A-treatment yielded 78 individuals (5.4%) from seven species, and the M+A-treatment had the lowest abundance with 68 individuals (4.7%) from ten species. C. insignis and C. leopoldoi were the most abundant species at all sites.
The treatment with the greatest species diversity was M+A-(H '= 1.78), which was significantly higher than other treatments (M-A+: H' = 1.20; M-A-: H '= 1.40; M+A+: H' = 1.45). M+A-also had the highest evenness value (E = 0.77), followed by M-A-(E = 0.72). Other treatments had relatively low evenness values (M+A+: E = 0.58; M-A+: E = 0.46), indicating unequal representation of species. In the GLM analysis, the abundance of Culicoides was associated with the presence of peridomicile animals (p <0.001) of about four-fold higher. However, despite the presence of animals increasing about two-fold the number of species, this association was not significant (p = 0.065).
Peridomicile management was not associated with abundance (p = 0.364) and richness (p = 0.065) of midges. Furthermore, it was demonstrated through the GLM that the number of peridomestic birds was associated with midges (p <0.001) and may be up to three-fold greater in peridomestic areas with an average of 11 chickens. The species richness was not associated with the type of animal that was found in homes.
DISCUSSION
We demonstrated a link between the presence of domestic animals and Culicoides populations in peridomestic environments and showed that animal presence in peridomestic areas influenced midge abundance and richness more than environmental management practices. This is supported by Costa et al. (2013) , as female midges were found in the same area with blood from domestic animals, including birds, dogs, pigs, and horses. In addition, in the present study we found the ornithophilic C. paucienfuscatus only in residences with birds, corroborating the observations of Castellón (1990) and Gusmão et al. (2014) .
Environments
Without management (M-) The other species interacted with a variety of animals that could function as a blood source (Costa et al. 2013) . GLMs showed no significant differences in the abundance of midges collected from environments with or without management, suggesting that environmental management has little effect on midge populations. This may be attributed to several factors, including the proximity of homes to the forest. Because residences are within walking distance (±50 m), midges may migrate from the forest to peridomestic areas to feed on domestic animals in shelters. This is a feasible scenario, as midges are known to travel distances up to 2 km (Lillie et al. 1981) . After blood feeding, the midges likely return to the original ecotope for reproduction, away from the peridomestic area. Midge breeding areas may thus occur outside of the physical space of the peridomestic area and animal shelters, at least in the current study areas. If this occurs, Culicoides drawn from more distant ecotypes probably inhabit moist environments and marginal water bodies (streams and bogs) bordering the towns and within their range of distribution.
The study area has sandy soil, which may have influenced midge abundance and richness. Unlike other areas with swamp and wetland formations, clay soil is rich in organic matter and provided favorable habitats for these insects. However, some Culicoides species are known to develop in puddles, animal dung, tree holes, and decomposing plant tissue (Kruger et al. 1990, Felippe-Bauer and Sternheim 2008) , all common components of peridomestic environments.
Although the statistical model we used did not detect significant effects of environmental management on midge populations, we cannot exclude the possibility that management is relevant in other areas with different environmental characteristics. We did find a trend toward lower Culicoides abundance in managed peridomestic areas (clean). This result suggests that environmental management practices should not be dismissed as inconsequential for vector control, but rather that such strategies should be integrated with other management practices for effective reduction of insect populations.
The Culicoides fauna found in this study was diverse, and included 14 valid species and morphospecies. This result is consistent with previous entomological surveys carried out in other regions of Maranhão (Silva and Rebelo 1999 , Barros et al., 2007 , Costa et al. 2013 , Bandeira et al. 2016 ), which found 17 or more species. Our species composition was similar to that found by Costa et. al. (2013) , with C. furens being the only species not yet recorded in the Maranhenses National Park area. However, some species found by Costa et. al. (2013) were not found in the current study.
The most abundant species in this study were C. insignis and C. leopoldoi, and similar results were found for surveys conducted by Silva and Carvalho (2013) in the Chapadinha municipality and by Costa et al. (2013) in the Lençóis Maranhenses National Park. In the case of C. insignis, dominance is particularly important because it is the primary vector of the blue tongue virus, which has been detected in Brazil (Clavijo 2002 , Konrad et al. 2003 , Dorneles et al. 2012 .
In summary, we found a rich and abundant Culicoides fauna in peridomestic environments associated mainly with the presence of domestic animals. These results should be considered when implementing control measures for these insects in Barreirinhas. We note that while environmental management practices did not appear to significantly influence midge abundance, positive effects of sanitation cannot be ruled out. Several factors may have confounded our interpretation of the effectiveness of this strategy, including the availability of properties containing animals, site proximity to peridomestic areas with no animals, forest proximity to the residences, and water bodies in the area. In addition to environmental factors, inherent ecological characteristics of vectors, such as dispersal ability, may have impacted results. Further investigations should be carried out in order to better understand the ecology of biting midges in these areas and to establish adequate measures for the control of populations.
